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Abstract Tuberculosis is still one ofthemost importantcause ofmortalityandmorbidityinmanycountries and there
is a need for newmethods for accurate andrapid diagnosis of tuberculosis.To determine the sensitivity and specificityof
polymerase chainreaction (PCR)method, wehave evaluatedMycobacteriumtuberculosisDNAinperipheralblood sam-
pleswith PCR technique in adult patientswith human immunodeficiency virus (HIV)-negative and new cases of smear-
positive pulmonary tuberculosis.Weinvestigatedtherelationship betweencharacteristicofthe patients, radiological ex-
tension of the disease, sputum smear grade, presence of cavity, body-mass index (BMI), serum albumin level, total delay
time and PCR positivity. Forty patients (33 male and 7 female; mean age 37.8714.1) and 20 healthy control subjects (13
male and 7 female; mean age 35.677.3) were enrolled in this study. PCR was positive in 16 of 40 (40%) patients with
pulmonary tuberculosis andnegativein 24 of 40 (60%).Noneofthehealthycontrolshadpositive PCR results.Theoverall
sensitivity, specificityandaccuracyofthe PCR assaywas 40,100 and 60 %, respectively.We foundthepositive correlation
between PCR positivity and sputum smear grade (r= 0.46, P=0.003), radiological extension of the disease (r= 0.69,
P=0.001), presence of cavity (r= 0.90, P=0.001).We conclude that the detection of M. tuberculosis DNA fromperipheral
blood by PCR technique is useful for the rapid diagnosis of tuberculosis patients with HIV-negative. Hematogenous
dissemination was important in tuberculosis patients and peripheral blood samples were suitable and easy materials.
However, standardization ofthe PCRmethodmust be ensured for the diagnosis of tuberculosis.r2003 Elsevier Science Ltd.
Allrights reserved.
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Tuberculosis continues to be an important cause ofmor-
tality andmorbidity in developing countries. In the devel-
oped countries, especially with the spread of HIV in the
world, tuberculosis problem has reached a dramatic di-
mension (1).
The most e¡ective means of preventing tuberculosis
are early diagnosis and giving appropriate treatment.
For this reason, a rapid and reliable diagnosis of the dis-
ease is required (2).For the detection of tuberculosis ba-
cilli, rapid andhighly sensitive and speci¢cmethodswere
investigated and PCRmethodwas developed (3,4). Since
the bacteriologic examination of sputum, which is theReceived12 June 2002, accepted in revised form 4November 2002
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monary tuberculosis, carries a transmission risk forboth
the collecting and examining sta¡ and as it cannotbe ob-
tained from some patients, the need for investigation of
di¡erent materials arose. It has been shown that, espe-
cially in HIV-positive pulmonary tuberculosis patients,
the detection ofM. tuberculosisDNA in peripheral blood
mononuclear cells may be helpful in the diagnosis of
tuberculosis (5). However, studies concerning the diag-
nostic e¡ectiveness of thismethodin immunocompetent
patients are limited.
Thepurpose of this study was to searchM.tuberculosis
bacilli in the peripheral blood with PCR technique,
to determine sensitivity and speci¢city of PCR and
to evaluate the clinical importance of PCR positivity
by examining the association with radiologic extension
of the disease, the presence of cavity, body-mass
index, total delay time and albumin level in patients with
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tuberculosis.
MATERIALSANDMETHODS
Patients
Forty new cases of smear-positive patients not receiving
prior antituberculosis therapy before applying to Ata-
tˇ rk Chest Diseases and Chest Surgery Education and
Research Hospital between February and September
2001, and 20 healthy subjects as control group were en-
rolled in our study.
Patients who had at least two sputum smear acid-fast
bacilli (AFB) positive andnever hadprior treatmentwith
antituberculosis drugs were accepted as new case of
smear-positive pulmonary tuberculosis. Patients and
healthy subjects areHIV-negative andpatientshaveno ex-
tra-pulmonary involvement and disseminated disease.
Patients younger than 18 years of age, or patients with
pregnancy, extra-pulmonary or disseminated tuberculo-
sis, any systemic disease ordruguse leading to immunosu-
pressionwerenot includedin the study. All of thepatients
andhealthy control subjects gave their informed consent,
having been informed about the details of the study.
Age, sex, total delay time, albumin level, radiologic ex-
tension of the disease and sputum AFB smear results
were recorded.Weight and height of patients weremea-
sured and their body-mass index were calculated by
using the equation; weight (kg)/ heigth (m)2 (6).Total de-
lay time is accepted as the time (day) from the beginning
of symptoms of tuberculosis to the initiation of treat-
ment. The disease was considered extensive if cavities
totalledZ15 cm in diameter and/ormoderately dense in-
¢ltrates involved more than 75% of lung ¢elds on chest
X-ray; without these two criteria it was considered as
limited disease (7). Sputum smear grade was evaluated:
1^9 bacilli in 100 oil immersion ¢elds=+1,1^9 bacilli in 10
oil immersion ¢elds=+2, 1^9 bacilli in all oil immersion
¢elds=+3, more than 9 bacilli in all oil immersion
¢elds=+4 (8).
PREPARATIONOFSAMPLES FORPCR
Five milliliters of peripheral blood were taken from all
cases into EDTA-containing tubes and M. tuberculosis
DNA was searched by PCR method in Re¢k Saydam
Hifzisihha Center Tuberculosis Research and Reference
Laboratory.
DNAisolationmethod
Thirty ¢ve milliliters of distilled water was added into
5ml EDTA-containing blood. They were mixed for 10 s
by handling up and down.Then 2ml of 3.08MNaCl (it isprepared by dissolving 17.99g of NaCl in 82.01ml of dis-
tilled water and by autoclaving it 15min at 1211C) was
added and mixed. It was centrifuged at 1200 rpm for
10min and the supernatant was discarded. Fifty milli-
liters of phosphate bu¡ered saline (PBS) was added to
the pellet and it was centrifuged at 2000 rpm for12min.
After the supernatant was discarded, again 50 ml of PBS
was added and centrifuged at 2000 rpm for 12min and
the supernatant was discarded again. 0.5ml of 1xTris
EDTAwas mixed with sediment. ThenTriton tris bu¡er
was added until the total volume reached 1.5ml and
transferred to eppendorf tube. It was centrifuged at
13 000 rpm for 5min. The supernatant was discarded
and the pellet was again washed with triton tris bu¡er.
Then the pellet was dissolved in distilled water so that
it became 20^50 ml and boiled at1001C for15min (9).
PCRprocedure
Ampli¢cation was performed as previously described
(10).The assay detects a 245-bp region from theM. tuber-
culosis speci¢c insertion sequence IS986. The reaction
components; 10ml of template DNA, 2ml of 5 mM INS1
primer (5’ CGTGAGGGCATCGAGGTGGC 3’) (11), 2 ml
of 5 mM INS2 primer (5’ GCGTAGGCGTCGGTGA-
CAAA 3’)(11), 4 ml of 25 mMMgCl2,15 ml of l0 x Master
Amp. Enhancers (EpicentreTecnologies Corp., Wiscon-
sin, U.S.A.), 4ml of dNTP mixture (dATP, dCTP, dGTP,
dUTPeach 20mM), 0.5 ml of T£DNApolymerases[¢nal
concentration 0.5 U] (EpicentreTecnologies Corp., Wis-
consin,U.S.A.) and12.5 ml of sterile water were put into
PCR tube andplaced in the termocycler apparatus (Mas-
tercycler gradients, eppendorf AG 22331, Hamburg)
(10). Since the apparatus is heated from above and it has
a cover, vaporization is prevented. For this reason,
mineral oil preventing vaporization is not added to
tubes. So contamination risk with mineral oil has been
decreased. After the tubes areplaced in the termocycler
apparatus, DNA ampli¢cation procedure was started.
During DNA ampli¢cation was carried out in 30 cycles,
each consisting of at 941C for1.5min for denaturation, at
651C for 2min for hybridization and at 721C for 3min
for synthesis (10). After the tubes are brought to room
temperature, ampli¢cation products are subjected to
agarose gel electrophoresis.
Detection of PCRproducts in agarose gel
electrophoresis
Four grams of agarosewasmixedwith 200mlof1xTBE in
500ml £ask. It was placed in a water bath and boiled at
1001C for 20^30min; then it was placed inwater bath at
601C and cooled. Ethidium bromide was added so that
the ¢nal concentration would become 0.5mg/ml and it
was poured into casettes and coombs are placed.Thirty
TABLE 1. Characteristics of patients and controlgroup
n Age (yr) (range) Sex (M/F) n
Patientsgroup 40 37.8714.1 (18^64) 33/7
Controlgroup 20 35.677.3 (24^55) 13/7
Data are presented asmean7SD,M: male;F: female.
TABLE 2. The PCR results of patients and controlgroup
n PCRpositive
n (%)
PCRnegative
n (%)
Patientsgroup 40 16/40 (%40) 24/40 (%60)
Controlgroup 20 0/20 (%0) 20/20 (%100)
Total 60 16/60 (%26.7) 44/60 (%73.3)
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placedwith 0.5xTBE in electrophoresis apparatus. Thirty
microliters of PCR end product was mixed with 6ml of
blue/orange 6xloading dyes (Promega, U.S.A.) and
placed in holes over agarose gel. This was subjected to
electrophoresis for 45^60min under110V constant cur-
rent. Then it was demonstrated by photographing with
special polaroid camera under UV transluminator (10).
In PCR study, sterile distilled water was used as nega-
tive control, and M. tuberculosis H37 Ra strain was used
as positive control.
Usedbu¡ers
Tris borate bu¡er (5xTBE): 54 g of Tris base, 27.5 g of
boric acid, 20 ml of 0.5 MEDTA (pH:8.0),
tris EDTA: l0mM tris hydrochloride (pH:8.0), 1mM
EDTA (pH:8.0),
triton trisbu¡er: 99mlof 20mMtris^HCL (pH:8.3),
1ml of triton x100,
phosphate bu¡er saline (PBS): 8 g of NaCl + 0.2 g of
KC1 + 1.44 g of Na2HPO4 + 0.24 g
of KH2PO4 mixture is solved in 800 ml of distilled
water and is treated with HCl until the pH becomes 7.4.
H2O is addeduntil1lt. It is autoclaved at1211C for 20min.
The sensitivity, speci¢city and accuracy of PCRmeth-
od was calculated.The association between PCR results
and patients’ age and sex, radiological extension of the
disease, the presence of cavity, sputum smear grade,
BMI, total delay time and albumin level was evaluated.
This study was conducted in accordance with the De-
claration of Helsinki amended the 52nd WMA General
Assembly (Edinburgh, 2000) and approvedby local ethics
committees.
Statisticalmethod
Statistical evaluations are made using Statistical Package
for Social Sciences (SPSS Inc.) software. Statistical signi¢-
cance was taken as Po0.05 (two sided).The comparison
between patient and control groups was made using
chi-square and Mann^Whitney U-tests, and the correla-
tion between PCR results and various factors was inves-
tigated by Spearman correlation test.
RESULTS
A total of 40 patients and 20 healthy subjects as control
group were enrolled in this study.The demographic fea-
tures are similar in the two groups (Table l).The PCR re-
sults studied to identify mycobacterial DNA in blood of
patients and control group are given inTable 2.
Based on the above results, in blood samples, the
sensitivity of PCR assay in patients with smear-positive
pulmonary tuberculosis is 16/40=40%, speci¢city is
20/20=100% and accuracy is16+20/60= 60%.The appear-ance of PCR-ampli¢ed M. tuberculosis DNA in agarose
gel electrophoresis is shown in Fig.1.
In patients with pulmonary tuberculosis, the correla-
tion between sputum smear grade and PCR positivity
was found to be statistically signi¢cant (r=0.46, P=0.003)
(Table 3). In patients with extensive radiologic lesions,
PCR positivity was found to be signi¢cantly higher than
the limited disease (r=0.69, P=0.001) (Table 4).
The correlation between PCR positivity and the pre-
sence of cavity in chest X-ray is statistically signi¢cant
(r=0.90,P=0.001) (Table 5). In patientswithpulmonary tu-
berculosis; total delay timewas 91.8775.5 days, BMIwas
20.172.7 kg/m2, serum albumin levelwas 3.670.5g/dl. In
patients with smear-positive pulmonary tuberculosis, no
signi¢cant correlation was found between PCR results
and variables such as sex, age, BMI, serum albumin level
and total delay time.
DISCUSSION
The de¢nitive diagnosis of pulmonary tuberculosis is the
bacteriologic identi¢cation of the bacilli (2).For this pur-
pose, themost frequently usedmaterial is sputum.How-
ever, it is not possible to obtain sputum from all patients
suspected pulmonary tuberculosis or extra-pulmonary
tuberculosis patients. Also because of the low sensitivity
and speci¢cityofmicroscopic examination of sputumand
since the isolation of the bacilli by the L˛wenstein^Jen-
sen culture takes a long time up to 8 weeks, the investi-
gation of di¡erentmaterials and techniques are required
in the diagnosis of pulmonary tuberculosis.Until the HIV
epidemic, blood cultures were not considered to be im-
portant in the diagnosis of mycobacterial infections.The
studies showed that the blood culture results were in
correlation with the degree of immunosupression and
the dissemination of tuberculosis (11,12).
FIG. 1. Analysis of PCRproducts by agarose gel electrophoresis.PCR-ampli¢edM. tuberculosisDNA are seen in lanes1^4.Lane15:
Negative control and Lane16: positive control.In the other lanes,PCRis negative.
TABLE 3. Correlationbetween PCR results and sputum
smear grade
Sputum
smear grade
PCRpositive
n (%)
PCRnegative
n (%)
Totaln
+4 7/8 (%87.5) 1/8 (%12.5) 8
+3 4/12 (%33.3) 8/12 (%66.7) 12
+2 4/10 (%40.0) 6/10 (%60.0) 10
+1 1/10 (%10.0) 9/10 (%90.0) 10
Total 16/40 (%40.0) 24/40 (%60.0) 40
Sputum smear grade: 1^9 bacilli in 100 oil immersion
¢elds =+1,1^9 bacilli in 10 oil immersion ¢elds=+2,1^9
bacilli in all oil immersion ¢elds =+3, more than 9 bacilli
in all oil immersion ¢elds =+4.
TABLE 4. Correlation between PCR results and radio-
logical extension ofthe diseasea
n PCRpositive
n (%)
PCRnegative
n (%)
Extensive disease 12 11/12 (%91.7) 1/12 (%8.3)
Limited disease 28 5/28 (%17.9) 23/28 (%82.1)
Total 40 16/40 (%40.0) 24/40 (%60.0)
aThe disease was considered extensive if cavities to-
talled =15 cmin diameter and/ormoderately dense in¢l-
trates involvedmore than 75% of lung ¢elds on chest X-
ray; without these two criteria it was considered as lim-
ited disease.
TABLE 5. Correlationbetween PCR results and cavity
n PCRpositive
n (%)
PCRnegative
n (%)
Presence of cavity 18 16/18 (%88.9) 2/18 (%11.1)
Absence of cavity 22 0/22 (%0) 22/22 (%100)
Total 40 16/40 (%40.0) 24/40 (%60.0)
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were only sensitive enough in HIV-positive patients
with CD4 T-lymphocyte count o100/ml, suggestingthatCD4 lymphocyteplay a critical role inhematogenous
dissemination.
In HIV-negative patients, however, information is lim-
ited about the identi¢cation of tuberculous bacilli in
blood cultures. In some studies, very low positive rate
could be obtained, whereas in some studies high positive
rate was reported (4,5,12,14,15). In our study,M. tubercu-
losis DNA was found to be 40% positive with PCR
method in HIV-negative patients. Niyaz Ahmed et al.
(14) isolated M. tuberculosis DNA in 7 of 16 (43.75%)
HIV-negative, immunocompetent pulmonary tuber-
culosis patients. The patients had antituberculosis treat-
ment for 2 weeks in their study.They reported that the
investigation of bacilli DNA by taking blood before anti-
tuberculosis treatmentcould increase the sensitivity.Our
study consists of a larger patient population and blood
samples were taken before the initiation of treatment
from all patients to investigate bacilli DNAby PCR tech-
nique. Despite this, the sensitivity was found similar in
our and Ahmed’s studies. In the study reported by
Condos et al. (4), among 15 patients with positive PCR
results, all had still positive results after one month of
treatment; whereas at the 4th month, the blood PCR
results becamenegative in13 of15 patients.These studies
suggest that treatment in the earlyperiodmaynote¡ect
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PCR was found positive in 82% of HIV-positive patients
and in 33% of HIV-negative patients. PCRwas positive in
all patients with disseminated tuberculosis, whereas
among patients with extrapulmonary tuberculosis, PCR
was positive in100% of HIV-positive patients and in 27%
of HIV-negative patients. They reported that, especially
in HIV-infected patients, M. tuberculosis ampli¢cation
from blood samples is important in rapid diagnosis and
that there is more hematogenous spread than previosly
thought in HIV-negative patients. They concluded that
M. tuberculosis DNA in peripheral blood mononuclear
cellsmaybe a helpfulmethod in the rapid diagnosis espe-
cially in HIV-positive patients with disseminated and ex-
trapulmonary tuberculosis forms. Although we did not
include patients with extrapulmonary, miliary or disse-
minated tuberculosis, the detection of M. tuberculosis
DNA in 40% of cases in blood samples by PCR assay is
important to show the passing of bacilli into blood in
HIV-negative pulmonary tuberculosis patients. Schluger
et al.(16), in their study with eight pulmonary tuberculo-
sis patients, foundM.Tuberculosis DNA positive in blood
samples by PCR in all patients. However, the population
of patients is small and six patients were HIV-positive. In
the study of Condos et al.(4), 39 of 41(95%) patients with
active pulmonary tuberculosis had positive PCR results.
43% of patients were HIV-positive, 40% were negative
and in17% of patients the resultwas notknown.They re-
ported that positive PCR results were not a¡ected by
HIV status. In our study, all patients were HIV-negative.
However, we could not ¢nd PCRpositivity as high as the
studies of Condos et al. and Schluger et al.This supports
that, as statedby Folgueira etal., hematogenous spread is
more frequent in HIV-infected tuberculosis patients and
suggests that CD4 lymphocyte count may be important
in hematogenous dissemination. How the tuberculosis
bacilli are passed into blood in immunocompetent pa-
tients or why bacil DNA cannot be shown in blood in all
patients with pulmonary tuberculosis is still discussed. In
contrast to the previous thoughts, it is stated that the
escape of tubercle bacilli from alveolar spaces to the
bloodstream may be more common (3). Another possi-
bility is thatmonocyte-macrophages orpolymorphonuc-
lear phagocytes that migrated into in£ammatory area,
return into blood circulation after phagocytingmycobac-
teria (17). In our study, we found that PCR results were
more likelypositive inpatientswithhigher sputum smear
grade.This suggests that howmuch there is bacilli load in
the patients, the escape of tubercle bacilli from alveolar
spaces to bloodstream will be more frequent.When we
evaluated the pulmonary lesions radiologically, we found
that PCRpositivity was higher in patientswith extensive
lesions.None of our patients had extrapulmonary tuber-
culosis. However, the escape of bacilli into bloodstream
may be facilitated in the extensive disease. The reason
may be that the bacilli load may be higher in extensivedisease and that the spread of infectionmay not be con-
trolled by cellular immunemechanisms in the alveoli and
bacilli may show hematogenous dissemination.We found
higher positive PCR result in patients with cavity.
Because cavity formation is an e¡ort of the organism to
limit the infection, we expect that tubercle bacilli es-
capes less into bloodstream in patientswith cavity. How-
ever, in our study thepatientswith cavity also haddi¡use
parenchymal in¢ltration in chest X-ray. When we as-
sessed the BMI of our patients, we found that 65% had a
lower than normal value. Low BMI and the presence
of hypoalbuminemia representing the bad nutritional
status, can lead to a decrease in CD4 T lymphocytes
in HIV-seronegative patients and cause development
of tuberculosis and hematogenous dissemination (18).
However, we could not ¢nd a statistically signi¢cant
relationship between PCR results and BMI, serum
albumin level.
We found that total delay time was 91.8775.5 days in
our study. A longer total delay time, may cause an in-
creasedrate in escape of bacilli into bloodstreamby ade-
terioration in the both of immunity and in nutritional
status with a widespread disease. However, we could
not ¢nd a statistically signi¢cant associationbetween to-
tal delay time and PCR results. Also therewas no signi¢-
cant relationship between age, sex and PCR positivity.
When the used primers are not always homologous
with target DNA, this can cause false negativity.When
four primers (nested PCR) are used instead of two pri-
mers, the sensitivity of the test increases (19). Schluger
et al. (16) used four primers in their study and ampli¢ed
bacilli DNA in blood in all eight patients Miyazaki et al.
(19) ampli¢ed M. tuberculosis DNA in di¡erent clinical
specimens with 97% sensitivity and 92% speci¢city by
nested PCRmethod.We used two primers in our study
and found the sensitivity 40% and the speci¢city 100%.
These results show that the use of nested PCR increases
sensitivity.
The blood-based PCR assay has some advantages.
Since blood contains less PCR inhibitory substances than
sputum, the isolation of M. tuberculosis DNA from per-
ipheral blood mononuclear cells requires more simple
procedures than sputum (3,4). Also it is easier to obtain
blood sample from patients.
One of the most important problems encountered in
PCR studies, is the contamination of reaction products
obtained one-step earlier (20). In our study, in order to
prevent contamination, we carried out the study in four
separate rooms for the admission and preparation of
samples, the preparation of solutions, the ampli¢cation,
and the observation of results, respectively.We used po-
sitive and negative controls for each study series. Pipette
tips, distilledwater and bu¡ers were used after steriliza-
tion in autoclave and we used separate pipettes, gloves,
etc. for eachprocedure.Ournegative controls gavenega-
tive results. Also in our healthy control group, all results
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cross-contamination during the preparation of samples.
In conclusion, the study demonstrated that the detec-
tion of M. tuberculosis DNA from peripheral blood by
PCR technique is useful for the rapid diagnosis of tuber-
culosis patients with HIV-negative.Hematogenous disse-
mination was important in tuberculosis patients and
peripheral blood sampleswere suitable and easymateri-
als. However, the lack of achievement of universal stan-
dardization in PCR studies yet, creates problem. With
continuing studies in this ¢eld, the position of this test
in routine usewill bemore clearly de¢ned.
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